We present a new catalog of 118 Ultraluminous Infrared Galaxies (ULIRGs) and one Hyperluminous Infrared Galaxy (HLIRG) by crossmatching AKARI all-sky survey with the Sloan Digital Sky Survey Data Release 10 (SDSS DR10) and the Final Data Release of the Two-Degree Field Galaxy Redshift Survey (2dFGRS). 40 of the ULIRGs and one HLIRG are new identifications. We find that ULIRGs are interacting pair galaxies or ongoing/post mergers. This is consistent with the widely accepted view: ULIRGs are major mergers of disk galaxies. We confirm the previously known positive trend between the AGN fraction and IR luminosity. We show that ULIRGs have a large off-set from the 'main sequence' up to z ∼ 1; their off-set from the z ∼ 2 'main sequence' is relatively smaller. We find a consistent result with the previous studies showing that compared to local star forming SDSS galaxies of similar mass, local ULIRGs have lower oxygen abundances. We for the first time demonstrate that ULIRGs follow the fundamental metallicity relation (FMR). The scatter of ULIRGs around the FMR (0.09 dex−0.5 dex) is comparable with the scatter of z ∼ 2-3 galaxies. Their optical colors show that ULIRGs are mostly blue galaxies and this agrees with previous findings. We provide the largest local (0.050 < z < 0.487) ULIRG catalog with stellar masses, SFRs, gas metallicities and optical colors. Our catalog provides us active galaxies analogous to high-z galaxies in the local Universe where they can be rigorously scrutinized.
1. INTRODUCTION Luminous infrared galaxies (LIRGs), ultraluminous infrared galaxies (ULIRGs) and hyperluminous infrared galaxies (HLIRGs) are defined by their high IR luminosities that are in the 10 11 L ⊙ ≤ L IR < 10 12 L ⊙ , 10 12 L ⊙ ≤ L IR < 10 13 L ⊙ and 10 13 L ⊙ ≤ L IR ranges, respectively (see the reviews by Sanders & Mirabel 1996; Lonsdale et al. 2006) . The observed enormous IR luminosity is driven by the optical and UV radiation generated by intense star formation and active galactic nuclei (AGN), that is absorbed by dust and reemitted in the IR. ULIRGs have been considered as a transition phase from mergers to dusty quasars (Sanders et al. 1988b; Veilleux et al. 2002) such that when gas-rich spiral galaxies merge, the molecular gas clouds channeling towards the merger nucleus trigger nuclear starbursts and AGN activity via the accretion of the available fuel on to the central super massive black hole (SMBH). According to this scenario, the starburst phase evolves to a dust-enshrouded AGN phase, and once the gas and dust are consumed the system evolves to a bright QSO phase.
Tidal interactions and merger processes between galaxies play a major role in the formation of elliptical galaxies (Toomre & Toomre 1972) . Especially, the proposed scenario by Sanders et al. (1988b) motivated further investigation of the link between mergers and quasars in numerical simulations. Hydrodynamical simulations of mergers show that merger processes lead gas inflows towards the center that trigger starbursts and AGN activity (e.g Springel et al. 2005 ). In the merger-driven galaxy evolution simulations ULIRGs represent a contemporary starburst-and AGN-phase at the beginning of a rapid self-regulated SMBH growth (e.g. Di Hopkins et al. 2007) . ULIRGs evolve to red/elliptical-type remnants by the 'negative feedback' mechanisms (e.g. in the form of powerful winds and outflows) that inhibit star formation and AGN activity (e.g. Hopkins et al. 2006 Hopkins et al. , 2008a Hopkins et al. ,b, 2009 .
The emerged link between ULIRGs and QSOs is supported by several observational evidences. Morphological properties of ULIRGs indicate that they are interacting galaxies in pre/ongoing/late merger stages (Farrah et al. 2001; Kim et al. 2002; Veilleux et al. 2002 Veilleux et al. , 2006 . Compared to LIRGs that are disk galaxies (if log(L IR /L ⊙ ) < 11.5) or interacting systems (if 11.5≤ log(L IR /L ⊙ ) < 12.0), ULIRGs are mostly advanced mergers Ishida 2004) . Their dynamical masses obtained from near-infrared (NIR) spectroscopy show that they are major mergers of nearly equal mass galaxies Dasyra et al. 2006a,b) . CO observations proved that ULIRGs contain the required cold molecular gas for central starbursts (Downes & Solomon 1998) . Additionally, their mid-infrared (MIR) images show that MIR emission generated in a region of diameter ∼ 1 kpc (Soifer et al. 2000) . At least ∼70% of 164 local (z ≤0.35) ULIRGs harbor an AGN (Nardini et al. 2010) . The coexistence of a starburst and an AGN show that both energy sources contribute to the total IR luminosity. The AGN fraction and the strength of the AGN emission increases with IR luminosity; high-luminosity ULIRGs (log(L IR /L ⊙ ) > 12.5) and HLIRGs have a larger AGN contribution compared to lower luminosity IR galaxies (Veilleux et al. 1995 (Veilleux et al. , 1999b (Veilleux et al. , 2009 Genzel et al. 1998; Goto 2005; Imanishi 2009; Nardini et al. 2010) . ULIRGs show starburst-and AGN-driven powerful outflows (e.g Heckman et al. 2000; Rupke et al. 2002 Rupke et al. , 2005 Rupke & Veilleux 2011 Spoon et al. 2013; Veilleux et al. 2013 , and references therein) that are consistent with the expected negative feedback mechanisms for their evolution.
The significance of ULIRGs in the galaxy evolution is not limited to the local (z < 0.3) Universe because, at high redshift (z >1) they are more numerous and have a substantial contribution to the total IR luminosity density (Le Floc'h et al. 2005; Caputi et al. 2007 ) compared to local ULIRGs (Soifer & Neugebauer 1991; ). There is a significant population of ULIRGs beyond z ∼1 (e.g Goto et al. 2011a ). An important question is the powering mechanism of these sources: are they powered by interaction-induced nuclear starbursts/AGN or are they normal/undisturbed star forming galaxies? The key properties that would answer this question are: morphologies, spectral energy distributions (SEDs) and the extend of star forming regions. Observations have shown that ULIRGs at high redshift (1.5 < z < 3.0) are mostly (∼ 47% ) mergers or interacting galaxies, but this sample also includes non-interacting disks, spheroids and irregular galaxies (Kartaltepe et al. 2012) . Beyond z > 2 morphological properties of sub-millimeter galaxies (SMGs) are consistent with mergers and interacting systems (e.g Tacconi et al. 2008) . Morphologies of high z samples show that mergers/interactions taking place in these systems and even comparison of z ∼ 2 and z ∼ 1 samples indicates a hint for a morphological evolution such that z ∼ 1 sample have slightly more mergers and interacting galaxies (Kartaltepe et al. 2012) . The SEDs of high redshift ULIRGs are different from those of local ones: for example they exhibit prominent polycyclic aromatic hydrocarbon (PAH) features similar to those of local lower IR luminosity (10.0≤ log(L IR /L ⊙ ) < 11.0) star forming galaxies rather those of local ULIRGs (e.g Farrah et al. 2008; Takagi et al. 2010) . Since PAH emission indicates ongoing star formation, observations support that high z ULIRGs are starburst dominated. A similar conclusion is also achieved by the X-ray studies of high z ULIRGs (e.g Johnson et al. 2013) . The size of the star forming regions of high z ULIRGs are larger than those of local ULIRGs with similar L IR (Rujopakarn et al. 2011 ). This suggest that in these galaxies star formation do not occur in merger nuclei but, it is distributed galaxy wide. The similarities of star forming regions of high z ULIRGs and local quiescent star forming galaxies point out a different origin than merger-induced star formation (Rujopakarn et al. 2011) . Although the evolution of ULIRGs is not fully understood yet, observations provide evidence for changing properties with redshift.
Understanding the role of ULIRGs in galaxy evolution through cosmic time require extensive studies/comparison of local and high z samples. Local ULIRGs establish a ground to understand the nature of ULIRGs, the origin of their extreme luminosities and the interplay between star formation and AGN activity in the nearby mergers. Therefore, it is important to have a large local sample and to master its overall properties. The great majority of local ULIRGs are discovered with InfraRed Astronomy Satellite (IRAS). IRAS performed an all sky scan in four IR bands centered at 12µm, 25µm, 60µm and 100µm. IRAS Bright Galaxy Survey (BGS) catalog (Soifer et al. 1987 ) includes 10 ULIRGs selected on the basis of 60µm flux, F(60µm). This catalog replaced with the IRAS Revised Bright Galaxy Sample (RBGS) (Sanders et al. 2003 ) that provided more accurate infrared luminosities and increased the number of ULIRGs to 21. The IRAS 2-Jy (Strauss et al. 1992 ) and 1.2-Jy (Fisher et al. 1995) redshift surveys identified new ULIRGs. Sanders et al. (1988a) showed that ULIRGs with 'warm' colors (F(25µm)/F(60µm) > 0.2) have Seyfert like spectra and thereon ULIRGs separated as 'warm' AGN hosting and 'cold' star formation dominated systems. Analysis of BGS sample showed that the F(60µm)/F(100µm) color increases with higher L IR (Soifer & Neugebauer 1991) . A widely studied large sample of local ULIRGs is the IRAS 1-Jy sample ). This is a complete flux-limited sample at 60µm that is composed of 118 ULIRGs identified from IRAS Faint Source Catalog (FSC) (Moshir et al. 1992 ) and a dedicated redshift survey . Since previous studies (Soifer & Neugebauer 1991; Strauss et al. 1992) showed that F(60µm)/F(100µm) color increases with higher L IR and ULIRGs colors are in the range of -0.2<F(60µm)/F(100µm)<0.13, IRAS 1-Jy sample ULIRGs were selected based on their warm colors (F(60µm)/F(100µm)> 0.3) . With other redshift surveys such as the QDOT all sky IRAS galaxy redshift survey (Lawrence et al. 1999) , the IRAS Point Source Catalog Redshift (PSCz) survey (Saunders et al. 2000) and the FIRST/IRAS radiofar-IR sample of (Stanford et al. 2000) number of IRAS ULIRGs increased. Large galaxy redshift surveys like the Sloan Digital Sky Survey (SDSS) (York et al. 2000) and Two-Degree Field Galaxy Redshift Survey (2dFGRS) (Colless et al. 2001 ) provide redshifts of millions of galaxies. Especially SDSS made it possible to study optical properties of large sample of IR galaxies. Goto (2005) cross-correlated the IRAS FSC with the SDSS Data Release 3 (DR3) (Abazajian et al. 2005 ) spectroscopic catalog and identified 178 ULIRGs. Pasquali et al. (2005) cross-correlated SDSS DR2 (Abazajian et al. 2004 ) with the IRAS FSC and investigated IR properties of local AGNs and star forming galaxies. Cao et al. (2006) cross-correlated IRAS FSC and the Point Source Catalog (PSC) with SDSS DR2 and identified a small sample of ULIRGs. Hwang et al. (2007) identified 324 ULIRGs, including 190 new discoveries, by cross correlating IRAS FSC with SDSS DR4 (Adelman-McCarthy et al. 2006 ), 2dFGRS and the Second Data Release of the 6dF Galaxy Survey (6dFGS) (Jones et al. 2004) . Hou et al. (2009) cross-correlated IRAS FSC with the SDSS DR6 (Adelman-McCarthy et al. 2008 ) and identified 308 ULIRGs.
The largest all sky IR survey after IRAS completed by the Japanese IR satellite launched in 2006, AKARI (Murakami et al. 2007 ) that scanned almost all-sky in 9µm, 18µm, 65µm, 90µm, 140µm and 160µm bands. The resolution and sensitivity of AKARI is better than those of IRAS: the Point Spread Function (PSF) of AKARI is ∼39 ′′ (for 90µm band) while the PSF of IRAS is ∼4 ′ (for 100µm band); at 18µm AKARI is 10 times more sensitive. An other advantage of AKARI is that, it has a wider and longer wavelength coverage compared to IRAS. In particular the 140µm and 160µm bands are very important to measure the peak of the dust emission near 100µm and therefore obtain more accurate IR luminosity. Goto et al. (2011a) matched IRAS IR sources with SDSS DR7 (Abazajian et al. 2009 ) galaxies and measured the local IR luminosity function. In this study, Goto et al. (2011a) identified ULIRGs among AKARI sources, but did not provide a detailed catalog of these sources. In this work we search for ULIRGs and HLIRGs in the AKARI all-sky survey. We cross-correlate AKARI all-sky survey with 2dFGRS and the largest SDSS spectroscopic redshift catalogue DR 10 (Ahn et al. 2014) . Beside the redshift information, SDSS has a rich view of optical properties of the sources in this database. Optical images, spectra, colors, value added catalogs with emission line properties provided by SDSS D10
give us an opportunity to investigate the morphologies, colors, stellar mass and metallicities of local ULIRGs identified in the AKARI all-sky survey. We provide the first catalog of ULIRGs identified in AKARI all-sky survey. This paper has the following structure. We introduce the data to identify ULIRGs/HLIRGs and our final sample in §2. Our results are presented in §3. In § 4 we discuss our results. The summarized conclusion of this work is given in § 5. The AKARI all-sky survey provides two catalogs of the IR sources across more than ∼97% of the whole sky with fluxes centered on two mid-IR and four FIR bands. The AKARI/IRC all-sky survey point source catalog version 1 1 includes 870973 IR sources with fluxes at 9µm and 18µm mid-IR bands. The AKARI/FIS all-sky survey bright source catalog version 1 2 (Yamamura et al. 2010 ) contains 427071 sources detected at 90µm with flux measurements at 65µm 90µm 140µm and 160µm FIR bands. Especially 140µm and 160µm fluxes are very important to constrain the FIR SED peak and to measure L IR .
In order to have a single AKARI/FIS/IRC catalog with both FIR and mid-IR fluxes, we cross-match the IR sources in the AKARI/FIS all-sky survey bright source catalog with the AKARI/IRC all-sky survey point source catalog within a radii of 20
′′ . The resulting AKARI/FIS/IRC catalog contains 24701 sources based on 90µm detections.
To measure the IR luminosity we obtain the spectroscopic redshifts of the IR galaxies from their optical counterparts. We cross-correlate the AKARI/FIS/IRC catalog with large optical redshift catalogs as described in the following.
The AKARI−SDSS DR10 Sample
The Sloan Digital Sky Survey is the largest ground-based survey providing a unique photometric and spectroscopic database of stars, galaxies and quasars. SDSS is a red magnitude limited r < 17.7 survey over 14555 deg 2 of the sky. We have downloaded the SDSS DR 10 (Ahn et al. 2014) catalogs photoObj 3 and specObj 3 to extract both photometric and spectroscopic information. The photoObj catalog includes all photometric information from previous data releases and the specObj catalog includes new spectra from the Baryon Oscillation Spectroscopic Survey 4 (BOSS). We combined the two catalogs by matching 'OBJID' in photoObj to 'BESTOB-JID' in specObj and obtain a full SDSS catalog of 2,745,602 sources with spectroscopic and photometric information.
AKARI/FIS/IRC catalog is cross-matched with the full SDSS catalog. The astrometric precision of SDSS (∼ 0.1 ′′ at r=19 mag Pier et al. 2003 ) is much better than that of AKARI (∼4.8 ′′ Yamamura et al. 2010) (2011a) and select matching radii as 20 ′′ because this radius is large enough to contain different emission regions (e.g IR and optical) in a single galaxy; also it is small enough not to allow too many optical chance identifications that are not physically related to the IR source. Although we pick 20
′′ to be inclusive not to miss any real association, in order to eliminate any miss-association later, we check the positional overlap of the IR and the optical emission from each ULIRG candidate by eye. We avoid any duplicated matches, i.e each IR galaxy is allowed to match only with one SDSS counterpart. We obtain 6468 matches of AKARI−SDSS sources. Among those we removed the sources that were classified as star in the specObj catalog. This resulted into a AKARI−SDSS sample of 6373 galaxies. For the IR sources in this sample we adopt the SDSS spectroscopic redshifts.
The AKARI−2dFGRS Sample
The Two-Degree Field Galaxy Redshift Survey (Colless et al. 2001 ) measured redshifts of 245951 galaxies within b j < 19.45 limit. The median redshift of this survey is z ∼ 0.1 (Colless 2004) . We use the Final Data Release of the 2dFGRS , the catalog of best spectroscopic observations 5 . We cross-match the AKARI/FIS/IRC catalog with the 2dFGRS catalog with a matching radii of 20 ′′ . We obtain a AKARI−2dFGRS sample of 954 galaxies with spectroscopic redshifts from 2dFGRS.
Infrared Luminosity Measurements
To estimate the total IR luminosity for the galaxies in the AKARI−SDSS and AKARI−2dFGRS samples we perform a SED-fitting using the LePhare 6 (Photometric Analysis for Redshift Estimations) code (Arnouts et al. 1999; Ilbert et al. 2006) . The main function of the LePhare is to compute photometric redshifts, but it can also find the best fitting galaxy template by a χ 2 fit for the given photometric magnitudes among the input template libraries. For the AKARI−SDSS and AKARI−2dFGRS samples we use the six AKARI bands with their associated uncertainties adopted from the AKARI catalogs; if the flux uncertainty is not given we adopt 25% of the measured flux as the uncertainty. We use the FIR SED templates of Dale & Helou (2002) as the input library. Dale & Helou (2002) provide 64 SED templates generated semi-empirically to represent the IR SEDs of star forming galaxies. Compared to other SED models, such as the models of Chary & Elbaz (2001) , these templates include FIR improvements based on IS O/IRAS /S CU BA observations. However, they do not include more sophisticated dust emission modeling as provided by Siebenmorgen & Krügel (2007) . Since our main focus is to measure L IR we avoid more sophisticated models and prefer the templates of Dale & Helou (2002) for the SED fitting. We fix the redshift of each galaxy and fit the FIR region of the SED with the AKARI broadband photometry. In the fitting procedure k-corrections are applied to AKARI fluxes. In order to obtain the k-correction our model flux is computed integrating redshifted SED model flux through AKARI's filter response function. The best-fit dust templates of Dale & Helou (2002) are shown in Figure 1 (left column) for representative cases. The AKARI/FIS name is given in the top left corner. The bestfit templates are shown as solid magenta line. The black filled circles are the optical (shown only for illustration purposes) and AKARI photometric fluxes; the x-axis error bars represent the wavelength range of each photometric band.
As a result of the SED fitting we obtain the total infrared luminosity integrated between 8µm − 1000µm, L 8−1000 with the maximum and minimum possible L 8−1000 value based on the flux errors. These are used to determine the the upper and lower uncertainties of L 8−1000 .
Based on the obtained L 8−1000 our initial sample includes 170 ULIRG and 10 HLIRG candidates: the AKARI−SDSS sample has 135 ULIRG and eight HLIRG candidates; the AKARI−2dFGRS has 35 ULIRG and two HLIRG candidates. In order to have a reliable sample of ULIRGs and HLIRGs, we check each case to avoid any wrong identification as described in the following.
Elimination of the Mismatches
The (H)/ULIRG candidates in our initial sample are selected based on the optical spectroscopic redshifts; by matching the closest optical galaxy to the AKARI source. If there are more than one source satisfying the cross-match condition, then the one with the smallest positional difference is considered as a match. Even the positions of the optical and IR sources are close in the sky, it does not necessarily mean that the IR and optical emissions are counterparts of the same galaxy; further care is required to make this decision.
Although the optical and IR galaxies are matched within a 20 ′′ radius, we visually check the positional overlap of the IR and optical emission in AKARI images for each galaxy. For the optical counterpart we use SDSS (if available) or Digitized Sky Survey images. Examples of AKARI (middle panel) and optical (right panel) images are represented in Figure 1 . The SDSS images are gri combined color images downloaded from the SDSS DR10 Finding Chart Tool 8 . In the AKARI images (Doi et al. 2012 ) the green circle represents the 20 ′′ radius limit, whereas the optical source is marked with a 5 ′′ radius magenta circle. Once we make sure of the positional overlap of the matched IR and optical sources, next we check if there are any other sources overlapping with the IR source and possibly contaminate the IR emission. Such contaminating sources can be stars or other galaxies. Especially nearby bright galaxies lying over the IR source have a contribution to the observed IR emission, therefore such cases are eliminated from the initial sample. If there are more than one overlapping optical galaxies with similar separation values within the 20 ′′ radius region, the closest one does not necessarily mean the true match. Since it is difficult to select the true optical counterpart for these four cases, these are eliminated. It is a worry if we are automatically removing compact groups of galaxies in these cases, but before we eliminate these we consider the redshifts of these galaxies and check if they are in groups.
Although SDSS provides a large redshift database, not all galaxies have the spectroscopic information. Related to this, in some cases the optical source with the smallest positional difference is not included in the cross-match procedure. Therefore, the images show that instead of the 'true' optical counterpart, some other optical galaxy with a large separation (8.12 ′′ − 18.87 ′′ ) is matched with the IR emission. For these cases we look at the literature (e.g. Wang & Rowan-Robinson 2009) and check if the 'true' optical counterpart has a spectroscopic redshift. If the redshift is not known for the 'true' optical counterpart we eliminate these cases. If the redshift is 8 http://skyserver.sdss3.org/dr10/en/tools/chart/chartinfo.aspx known, we adopt it for the 'true' optical counterpart and reobtain L 8−1000 . Three cases (marked with an asterisk in column (5) of Tables 1, 2) for which 10 12 L ⊙ ≤ L 8−1000 are kept in the sample.
After we secure the optical and IR galaxy match by visual inspection, as an additional control we check the adopted spectroscopic redshifts. For the AKARI−2dFGRS sample we require a redshift quality of ≥ 3. This requirement let to eliminate two ULIRG and two HLIRG candidates from the AKARI−2dFGRS sample. For the AKARI−SDSS sample, we go through the SDSS spectra 9 . The SDSS spectra are reduced through the spectroscopic pipeline (Bolton et al. 2012) . The SDSS pipeline determines the classification and the redshift of the spectra by applying a χ 2 fit with rest-frame templates of stars, galaxies and quasars. By looking at the SDSS spectra we eliminate the following cases from the sample: (1) The sources that are classified as a galaxy but show a spectrum of a star; (2) The spectra showing an unreliable template fit and therefore indicating a wrong redshift.
The Final Sample
Our final sample of (H)/ULIRGs consist of 119 galaxies, 97 are identified in the AKARI−SDSS sample and 22 are identified in the AKARI−2dFGRS sample. In order to specify the newly identified (H)/ULIRGs in this work we check our final sample against previously studied samples: Clements et al. (1996) , , Rowan-Robinson (2000) , Hwang et al. (2007) , Hou et al. (2009 ), Nardini et al. (2010 . 40 ULIRGs and one HLIRG are newly identified in this work. The IR images of the newly identified ULIRGs and one HLIRG are available in the appendix. We divide the final sample into three subsamples: (1) New ULIRGs identified in this work; (2) Known ULIRGs; (3) New HLIRG identified in this work. The properties of these subsamples are listed in Tables 1, 2 and 3, respectively. These tables contain the AKARI name (column 1), AKARI coordinates: RA and DEC (columns 2 and 3, respectively), other name (column 4), redshift (column 5), total IR luminosity, L IR , (column 6), AKARI photometric fluxes of the 65µm (F(65µm)), 90µm (F(90µm)), 140µm (F(140µm)) and 160µm (F(160µm)) bands (columns 7, 8, 9 and 10, respectively), SDSS Petrosian r magnitude (column 11), Interaction Class (IC; column 12), reference for IC (column 13), note related to optical images indicating if there is a star or other galaxies in the field (column 14), spectral classification (column 15). Since we have only a few sources detected in the 9µm and 18µm bands we do not list the photometric fluxes at these bands.
We note that 3 of the new ULIRGs listed in Table 1 have 65µm fluxes above 1 Jy, the flux threshold of the 1-Jy sample of , and have declination δ > −40 deg and galactic latitude b > 30 deg, and therefore should have made it in the 1-Jy sample. However, two of these sources (J1036317+022147, J1125319+290316,) are not observed with IRAS. The 60µm flux of J0857505+512037 is below 1 Jy (∼0.6 Jy Moshir et al. 1992 ) and therefore it is not in the 1-Jy sample of .
In Table 4 we list five additional ULIRG candidates that are considered as unconfirmed cases either because their IR detection is not significant (almost at 5 σ), or the separation between the matched optical and IR coordinates are large (∼ 20 ′′ ). We do not include those five sources in the final sample. The redshift and IR luminosity distributions of our final sample are presented in the top and bottom panels of Figure 3 shows the IR luminosity of our sample as a function of redshift. As it is expected from the AKARI PSC detection limit (0.55 Jy at 90µm), L IR increases with redshift and only the bright sources can be detected towards the higher redshifts.
FIR Color Properties of Our Sample
The IR emission of the so called 'normal' star forming galaxies (that are not dominated by AGN activity) is mostly due to the thermal radiation from dust grains heated by star formation. The 'normal' star forming galaxies detected by IRAS showed a clear trend of decreasing 60-to 100-µm flux ratios, F(60µm)/F(100µm), with increasing 12-to 25-µm flux ratios, F(12µm)/F(25µm), (Helou 1986 ). This trend associated with the intensity dependence of IR colors, such that 'warm' colors (greater F(60µm)/F(100µm) values) are related to active star formation with high IR luminosities (Helou 1986 ). Dale et al. (2001) construct single parameter dust models of normal star forming galaxies based on the F(60µm)/F(100µm) color and the intensity of the interstellar radiation field, U. They characterize the overall IR SED as a power law distribution of dust mass over U such that: dM(U) ∼ U −α dU, where α is the exponent of the power-law distribution. Dale & Helou (2002) provide 64 SED models for a wide range of U or equivalently IRAS F(60µm)/F(100µm) color (between -0.54 and 0.21) and α values (0.0625≤ α ≤ 4.0). In §2.2 we measured L IR based on these models. In the following, we investigate the AKARI color properties of our ULIRG sample and compare the observed colors with the SED models of Dale & Helou (2002) .
For this investigation we use the AKARI F(9µm) and F(18µm) fluxes from the AKARI/IRC all-sky survey point source catalog. The F(65µm), F(90µm), F(140µm) and F(160µm) fluxes are listed in Tables 1, 2 and 3. Figure 4 presents the observed AKARI color-color dia- , triangle (QSOs), plus (unclassified). In panels (c) and (d) the FIR colors of different class of galaxies distribute over the entire color range. Therefore, AGNs or star forming galaxies can not be distinguished by their FIR colors. However, this is expected because FIR is tracing star formation activity at low temperature dust and is not sensitive to AGN activity. It is known that IRAS mid-IR F(25µm)/F(60µm) color is an indicator of 'warm' dust and AGN component (F(25µm)/F(60µm) ≥ 0.2) (e.g. Sanders et al. 1988a) . Unfortunately, the majority of our ULIRG sample are not detected in the mid-IR colors and therefore we do not have enough data to explore the mid-IR color properties of our sample.
The color-color diagrams in panels (c) and (d) do not show a clear correlation. It is important to keep in mind that detection limits of AKARI bands affect the shape of the color-color diagrams. Detection limits of AKARI FIS bands are 3.2 Jy, 0.55 Jy, 3.8 Jy and 7.5 Jy for 65µm, 90µm, 140µm and 160µm bands (Yamamura et al. 2010) , respectively. The WIDE-S filter centered at 90µm is the broadest and therefore it has the deepest detection limit compared to other bands. In panel (d) the distribution of the colors is shaped by the observational detection limits. This is mainly because 140µm is common in both axes. In the x-axis as 140µm flux gets brighter the log(F(140µm)/F(160µm)) color moves towards right, but at the same time in the y-axis the log(F(90µm)/F(140µm)) color moves downwards. This behavior creates a boundary on the top right corner of this diagram. Even if there was an intrinsic color-color correlation in panel (d) it would be trun- cated on the upper right corner due to observational limits. We expect to have a similar detection limit effect in panel (c) because 65µm and 140µm detection limits are brighter than 90µm, and this may cause colors to hit the boundaries of 65µm and 140µm before the limit of 90µm. In Figure 4 the colored symbols in each panel show the expected colors by the IR SED models of Dale & Helou (2002) . We choose eight SEDs with different α and F(60µm)/F(100µm) values among 64. The selected models have a sequence in terms of α and log(F(60µm)/F(100µm)): 0.06 ≤ α ≤ 4.0 and -0.54 ≤ log(F(60µm)/F(100µm)) ≤ 0.21. The expected colors from the selected SEDs are shown with different colors; the α and log(F(60µm)/F(100µm)) parameters of each model is given in top corner of panel (b) . We show colors expected from each model as a function of redshift from 0 to 0.5 in order to illustrate the redshift dependence of the colors. The symbol code for z =0.0, 0.1, 0.2, 0.3, 0.4, 0.5 is given the legend of panel (a). In panels (c) and (d) the data show a large spread around the model colors. In panel (c), the large vertical and horizontal spreads of log(F(65µm)/F(90µm)) and log(F(90µm)/F(140µm)) colors around the models are mainly due to the limited parameter coverage of the SED models. The models cover the ranges between -0.54−0.21 and -0.62−0.47 in the y-and xaxis, respectively. Therefore, the models do not overlap with the colors exceeding this range. In panel (d), especially the log(F(140µm)/F(160µm)) colors have a large scatter around the models, the models covers only the −0.11 − 0.13 range while the observed colors can exceed up to 1.27. We do not see a clear trend in log(F(140µm)/F(160µm)) colors with redshift. Since we show the expected colors for z =0.0−0.5, the observed scatter does not seem to be due to the range in redshift of our sample. We further discuss such outliers in colorcolor diagrams in § 4.
Since the AKARI log(F(65µm)/F(90µm)) color is equivalent to IRAS log(F(60µm)/F(100µm)) color, it is possible to make a comparison of AKARI and IRAS color distributions of ULIRGs. Hwang et al. (2007) investigate IRAS colors of 324 ULIRGs and report log(F(60µm)/F(100µm)) within -0.80− 0.22 range with a mean of -0.19. The ULIRGs in our sample have a slightly larger range between -0.91−0.36, but still the AKARI log(F(65µm)/F(90µm)) colors overlap with the IRAS log(F(60µm)/F(100µm)) colors.
FIR Colors versus IR Luminosity
IR bright galaxies (10 9.5 L ⊙ ≤ L IR < 10 13 L ⊙ ) studied with IRAS show a correlation between the IR colors and the IR luminosity: log(F(12µm)/F(25µm)) color decreases, and log(F(60µm)/F(100µm)) color increases with increasing IR luminosity (Soifer & Neugebauer 1991) . As stated in §3.1.3 log(F(60µm)/F(100µm)) color is related to the intensity of the radiation field. The SED models of Dale & Helou (2002) cover a wide range of IRAS log(F(60µm)/F(100µm)) colors that correlate with L IR ; higher log(F(60µm)/F(100µm)) colors indicate higher L IR (Dale & Helou 2002 ). In the following we investigate the color dependence of the IR luminosities for our (H)/ULIRG sample. Figure 5 presents IR luminosity versus:
, for 71 sources that are detected in all AKARI FIS bands. As noted before, since we have only very few sources detected in 9-and 18-µm bands we do not include those in this investigation. Since the observed colors change as a function of redshift and luminosity depends on redshift, we apply k-correction to the AKARI FIS colors shown in Figure 5 .
As noted before AKARI log(F(65µm)/F(90µm)) color is similar to IRAS log(F(60µm)/F(100µm)) color and therefore, we would expect a strong correlation in panel (a). However, none of the AKARI colors in Figure 5 show a clear
Since the interested L IR range in this study is very narrow compared to the L IR range probed in previous studies (e.g Soifer & Neugebauer 1991) it is natural not to see the previously discovered significant color−L IR correlations. The representative SED models shown in Figure 4 show a luminosity dependence with color, but the observed colors show a large scatter around the models (discussed in §3.1.3 and §4). The large differences between the SED models and the observed colors weakens the color−L IR correlation expectation.
In Figure 5 , apart from the color dependence of IR luminosity, different galaxy types do not show a significant dependence on color.
The Visual Morphologies and Interaction Classes
Morphological studies of local ULIRGs showed that they are mostly interacting galaxies showing tidal features or disturbed morphology (e.g Farrah et al. 2001; Veilleux et al. 2002 Veilleux et al. , 2006 . Surace (1998) introduced an interaction classification scheme based on the evolution sequence that merging galaxies follow in simulations (e.g Mihos & Hernquist 1996) . Such an interaction classification scheme is important to interpret the morphological properties of ULIRGs in the context of galaxy evolution triggered by mergers. Veilleux et al. (2002) classified 117 local ULIRGs based on this scheme and showed that ULIRGs are interacting or advanced merger systems.
Here we investigate the morphological properties of our sample with the aim of identifying interaction classes. We use the following widely preferred classification scheme that is described by Veilleux et al. (2002) : • I: First approach. Separated galaxies with no signs of interaction or merging.
• II: First contact. Overlapped discs without interaction signs.
• III: Pre-mergers. Two nuclei separated by more than 10 kpc (a; wide binary) or less than 10 kpc (b; close binary), with interaction signs.
• Tp1: Interacting triplet system.
• IV: Merger. One nucleus with prominent tidal features.
• V: Old merger. Disturbed central morphology without clear tidal tail signs.
• NI: Non interacting. Isolated single galaxy, no signs of disturbed morphology.
Note that we added class NI to represent isolated single galaxies showing no signs of disturbed morphology. Also note that we do not subdivide class IV into two as done by Veilleux et al. (2002) because, we do not have K band luminosities. We (two classifiers: EKE and TG) examined SDSS g-r-i colors combined images and classified only the galaxies for which SDSS images are available. For the known ULIRGs, we adopt the interaction classifications from the literature. We prefer to adopt the classifications mainly from Veilleux et al. (2002) and Hwang et al. (2007) . The interaction classifications of the galaxies in our sample are given in column (12) of Tables 1, 2 and 3. The references for the interaction classes are given in the column (13) of Tables 1, 2 and 3. In additional to the above interaction classification we also note if the galaxies are in a group with (G). We define groups as galaxy systems with more than two members with similar colors. We note that our group definition is subjective and the group classification given in this work is only for guidance. SDSS images showing examples of different interaction classes are represented in Figures 1.
As shown in Figure 3 luminosity is correlated with distance and it becomes more difficult to identify the morphological details for more distant sources. To avoid uncertainties in interaction classifications due to the distances, in the following analysis we focus on a redshift limited sample of 100 ULIRGs. For comparison reasons we apply a redshift cut as z=0.27; this is the limit of the Veilleux et al. (2002) ULIRG sample. The distribution of interaction classes of 100 ULIRGs is shown in Figure 6 . This Figure presents the percentage of different interaction classes. There are no ULIRGs classified as I and II, so they are not in an early interaction phase. The fraction of triplets (Tp1) in our sample is very small (5%). The faction of binary systems showing strong interaction features (IIIa and IIIb) is 43%. Most of the ULIRGs (52%) are single nucleus galaxies classified as IV and V indicating a late/post merger phase. Veilleux et al. (2002) study 117 ULIRGs from IRAS 1 Jy sample ) and report 56% of the sample as single nucleus systems at a late merger stage. The fraction of such systems (IV or V) in our sample is 52% and this is a consistent result with Veilleux et al. (2002) . 35 of the 100 ULIRGs in our morphology subsample are also part of the sample of 117 ULIRGs studied by Veilleux et al. (2002) , therefore our results can be considered as independent from those derived by Veilleux et al. (2002) . We also find 11% of the ULIRGs to be in a group environment. In Figure 7 we show the fraction of ULIRGs in different interaction classes as a function of IR luminosity. We divide IR luminosities into three bins (12.0≤ log(L IR ) < 12.25, 12.25≤ log(L IR ) < 12.5, 12.5≤ log(L IR )); the number of sources in each bin is 73, 22 and 5, respectively. This Figure shows a hint for a negative trend for pre-mergers (IIIa and IIIb). The fraction of galaxies classified as IIIa and IIIb decreases from the first bin to the second, but IIIa galaxies increases in the highest L IR bin. The fraction of mergers (IV) increases from the first bin to the second, but decreases in third bin. The fraction of old mergers (V) appear to be almost constant with luminosity. The fraction of triplets is constant in the first two bins, but increases in the third bin. The fractions in the highest luminosity bin is highly uncertain due to the very small number of sources. Therefore, we consider the trends including the the highest luminosity bin as unreliable. If we only take into account the first two luminosity bins then, it is clear that the fraction of pre-mergers have a negative trend while the mergers have a positive trend with increasing luminosity. This is a consistent result with Veilleux et al. (2002) who find a positive trend with the fraction of advanced mergers and IR luminosity. The morphological properties of our sample confirms that ULIRGs are mostly either in pre-merger two galaxy systems or single galaxies in late/post merger phase. This is a consistent picture with the general idea that ULIRGs are triggered via strong interactions between galaxies.
The Spectral Classification of Our Sample
The power sources of ULIRGs are high rates of star formation and AGN activity (e.g Nardini et al. 2010) . The traces of the dominant power source can be detected in optical spectra. Properties of the emission lines provide a practical tool to uncover the source of the ionization producing those lines. To identify the spectral classes of the ULIRGs in our sample we make use of the available SDSS catalogs providing such a classification. SDSS spectroscopic pipeline classify objects as 'broad-line AGNs'/'quasars', 'galaxies' or 'stars'. We adopt this classification to identify the quasars in our sample. Thomas et al. (2013) investigate emission line properties of SDSS sources that are already classified as 'galaxies' through the pipeline. They apply Baldwin-PhillipsTerlevich (BPT) diagnostics (Baldwin et al. 1981) Thomas et al. (2013) use the empirical separation between AGN and star forming galaxies according to Kauffmann et al. (2003b) , and they use the separation line defined by Schawinski et al. (2007) to select LINERs. We adopt the spectral classification given by Thomas et al. (2013) for the ULIRGs included in their galaxy sample. Some of the ULIRGs in our sample are not included in the sample of Thomas et al. (2013) . These are mostly AGNs, but a few sources classified as 'broad-line AGNs starbursts' by the spectroscopic pipeline. To classify such sources we adopt the available line flux measurements in the SDSS database (see the footnotes of Table 1 for the SDSS references) and use a similar line diagnostic diagram as described by Thomas et al. (2013) . The spectral classes listed in column (15) of Tables 1, 2 and 3. The spectral classes marked with a star are obtained in this work.
The distribution of the spectral classes is shown in Figure 8 ; it represents only 89 sources ULIRGs for which SDSS spectra are available. The fraction of purely star forming galaxies is 19%. The fraction of composite galaxies in our sample is 44%. The fraction of LINERs in our sample is 11%. LINERs are thought to be powered by AGNs (e.g Nagar et al. 2005) , however other power sources can also produce LINER-like emission (e.g Maoz et al. 1998; Sarzi et al. 2010) . Since there is a debate whether LINERs are low-luminosity AGNs or a separate class of objects, to be conservative in this work we separate LINERs from AGNs. The faction of AGN (QSOs and Seyferts) ULIRGs in our sample is 26%.
Most of the ULIRGs in our sample are classified as composite galaxies. It is important to note that these are star forming galaxies possibly with a hidden AGN component. To be conservative we do not include composites to AGNs. Since both LINERs and composites may harbor an AGN, the given AGN fraction is only a lower limit. Figure 9 shows the fraction of ULIRGs in different spectral classes as a function of IR luminosity. We use the same L IR bins as in Figure 7 . Each bin includes: 61 (12.0≤ log(L IR ) < 12.25), 18 (12.25≤ log(L IR ) < 12.5) and 10 (12.5≤ log(L IR )) sources. The fraction of AGNs grows with increasing L IR . Star forming galaxies show an opposite trend, their fraction decreases with increasing L IR . This is consistent with the results of previous studies showed that the fraction of AGNs in IR galaxies increases with higher IR luminosity (Veilleux et al. 1995; Goto 2005) . LINERs tend to be constant in each luminosity bin. Composites also tend to be almost constant in the first two bins, but they show a dramatic decrease in the highest luminosity bin. Again, since the LINERs and composites may have AGN contribution that is hidden in optical wavelengths, the AGN factions in each luminosity bin represent the lower limit. However, the trends seen in Figure 9 still agree with known correlation between the AGN fraction and IR luminosity. 28 of the 89 ULIRGs in our optical spectral type subsample are also part of the 1-Jy sample of Veilleux et al. (1995 Veilleux et al. ( , 1999a , since ∼ 31% is a small fraction our results are mostly independent from those derived for the 1-Jy sample.
Stellar Masses -Star Formation Rates -Metallicities
and Optical Colors of ULIRGs ULIRGs are very special galaxies that are selected according to their enormous IR luminosity, which means a rich dust content. Dust has an important role in galaxy growth and evolution because it is directly linked to the star formation and metals in the interstellar medium (ISM). The interplay between the dust and stellar content with Star Formation Rate (SFR) controls the galaxy evolution. For normal star forming galaxies this is evident from the observed correlations between these parameters. Stellar mass (M star ) and SFR tightly correlates within 0 < z < 3 range and normal star forming galaxies lie on the so called 'main sequence' (e.g. Noeske et al. 2007; Elbaz et al. 2007; Santini et al. 2009; Rodighiero et al. 2011; Tadaki et al. 2013) . Stellar mass also strongly correlates with the metallicity (Z), massive galaxies show a higher metallicity than the less massive systems. The M star − Z relationship is confirmed for normal star forming galaxies in the local universe (z∼0.15) (Tremonti et al. 2004 ). Although there is not a strong relation between SFR and Z, metallicity is a function of SFR and M star in the M star −Z−SFR plane (Lara-López et al. 2010; Mannucci et al. 2010) . Recently, Santini et al. (2014) showed that there is a tight correlation between the dust mass and SFR and they introduce a fundamental relation between gas fraction, M star and SFR. These relationships provide a basis for understanding the evolution of normal star forming galaxies. ULIRGs do not belong to this galaxy category and in order to explore their place in galaxy evolution we need to compare them with normal star forming galaxies. In the following, we investigate the position of ULIRGs in M star − SFR, M star − Z relationships and in the color−magnitude diagram. Below we briefly outline the SDSS data used in this investigation.
Available SDSS photometric and spectral data allow us to obtain stellar masses, metallicities and optical colors of ULIRGs in our sample. SDSS DR10 (see Ahn et al. 2014) provides stellar masses, emission-line fluxes, stellar and gas kinematics, and velocity dispersions derived spectra of galaxies observed by Baryon Oscillation Spectroscopic Survey (BOSS). Following the spectroscopic pipeline (Bolton et al. 2012 ), the objects classified as a galaxy with a reliable redshifts are studied by several groups. 'Portsmouth' group derives photometric stellar-mass estimates (Maraston et al. 2013 ) and measure emission-line fluxes (Thomas et al. 2013) . Maraston et al. (2013) estimate stellar masses through SED fitting of stellar population models to u, g, r, i, z magnitudes. They use both passive (Maraston et al. 2009 ) and star-forming templates (Maraston 2005) with Salpeter (1955) and Kroupa (2001) Initial Mass Functions (IMF). Maraston et al. (2013) use the fixed BOSS spectroscopic redshift values and do not include internal galaxy reddening in the SED fitting procedure. Wisconsin' group also derives stellar masses via full spectral fitting (Chen et al. 2012) . They use models based on stellar population models of Bruzual & Charlot (2003) with a Kroupa (2001) initial mass function. Chen et al. (2012) and Maraston et al. (2013) use different stellar population models based on different galaxy star formation histories, reddening, and initial mass function assumptions. Stellar masses given by Maraston et al. (2013) are ∼0.2 dex smaller than the masses estimated by Chen et al. (2012) and for high signal to noise spectra the results from the both methods agree well (Chen et al. 2012) . Since spectral data quality is an issue, in this work we prefer to adopt the stellar masses given by Maraston et al. (2013) ; however this preference does not change the results of this work. Maraston et al. (2013) obtain stellar masses for active and passive stellar population models. Since ULIRGs are actively star forming galaxies we adopt the stellar masses from 'stellarMassPortStarforming' code accounts for the diffuse dust on the spectral shape according to Calzetti (2001) obscuration curve. Thomas et al. (2013) correct for the diffuse dust extinction and provide dereddened emission-line fluxes (this includes Galactic extinction). In the following analysis we adopt the emission-line fluxes from SDSS 'emissionlinesPort' 3 catalog.
Star Formation Rate and Stellar Mass
IR luminosity measured from the SEDs ( §2.2) between 8µm − 1000µm is the obscured emission from young stars that is re-emitted by dust, hence it can be converted to SFR. We use Eq. (4) given by Kennicutt (1998) to estimate the SFR based on L IR , SFR(IR). This conversion assumes a Salpeter (1955) IMF and that L IR is generated by recent star formation and re-emitted by dust. Even in the case of AGN we expect this assumption to be still valid to infer SFR(IR) because, ULIRGs on average have an AGN contribution from 5.0% to 40.0% AGN (e.g., Genzel et al. 1998; Veilleux et al. 2009 ) but they are mostly powered by star formation. Therefore we note that the SFR(IR) values of the AGN, LINERS and composites may have on average ∼ 40.0% AGN contamination and may be overestimated up to 80−100% (Veilleux et al. 2009 ). Derived SFR(IR) values are tabulated in Table 5 . Figure 10 shows SFR versus M star for 75 ULIRGs and one HLIRG for which M star estimates are given by Maraston et al. (2013) . The solid (black), dotted (blue) and dashed (red) lines represent the 'main sequence' of normal star-forming galaxies (SFGs) at z ∼0 (Elbaz et al. 2007 ), z ∼1 (Elbaz et al. 2007) and z ∼2 (Daddi et al. 2007) , respectively. For comparison we also show the 4 and 10 times above the z ∼2 'main sequence' (MS) relationship (top dashed lines). Local ULIRGs exhibit extremely high SFRs compared to normal SFGs with the same masses. It is evident from Figure 10 that local ULIRGs lie above the 'main sequence' up to z ∼2. We note that the 'main sequence' relationships represent the total SFR obtained from L IR and UV continuum, SFR(IR+UV). Since we do not include SFR from UV continuum, SFR(UV), our SFR(IR) estimates are lower compared to SFR(IR+UV). However, the total SFR is dominated by SFR(IR) and therefore the difference between SFR(IR) and SFR(IR+UV) should be small. Previously, Elbaz et al. (2007) showed that (their Fig. 17 ) Arp220 (a well studied nearby ULIRG) exhibits a large offset both from the 'main sequence' and z ∼1 relationship. In the same Figure they also show that M82 (a starburst galaxy) lies above the local 'main sequence', but it is located in the 1σ confidence level of the z ∼1 SFR−M star relationship. da Cunha et al. (2010) also compared local ULIRGs with local star forming SDSS galaxies and showed that ULIRGs have higher SFRs. In Figure 10 we show a large local ULIRG sample, 75 ULIRGs and one HLIRG. We find that local ULIRGs do not exhibit typical SFR for their masses even at z ∼2. Compared to the 'main sequence' at z ∼0, z ∼1 and z ∼2, on average ULIRGs have 92, 17 and 5 times higher SFRs, respectively. Local ULIRGs seem to be equally distributed around the dashed line representing 4 times above the z ∼2 MS. Compared to the 'main sequence' at z ∼2 on average AGN, LINERs, composite and star forming ULIRGs have 3, 4, 5 and 5 times higher SFRs, respectively. We do not see a significant systematic offset with optical spectral type. However, we note that AGN, LINERs and composites tend to have the highest SFR(IR) which might be a sign of the AGN contamination to L IR . We discuss the impact of star formation history on stellar mass estimates in §4.5.
The ionizing radiation of recently formed young stars pro- duce nebular lines such as Hα, hence it traces the unobscured radiation generated by star formation. Therefore, it can be used to derive SFR. As noted above Thomas et al. (2013) only correct for the diffuse dust extinction widely spread throughout the whole galaxy that affects the emission lines and stellar continuum, but they do not consider embedded dust component local to star forming regions that affects the emission lines. This is mainly to avoid highly uncertain dust extinction values measured from Balmer decrement due to low S/N spectra. However, if we avoid this additional dust extinction we may underestimate the SFR based on Hα luminosity, SFR(Hα). Therefore we use the already de-reddened emission-line fluxes (only for diffuse dust component) given in 'emissionlinesPort' 3 catalog and obtain Balmer decrement. Predicted Hα/Hβ ratio is 2.86 for 10 4 K (Osterbrock & Ferland 2006) , we adopt this value to estimate the local dust extinction around nebular regions and correct Hα emission-line flux for the estimated extinction. Applying this additional extinction correction typically result in factor of 3.4 higher Hα emission-line flux with large uncertainties. We apply Eq. (2) given in Kennicutt (1998) to obtain SFR(Hα); listed in Table 5 . Since in the presence of an AGN Hα emission represents the photoionization from the AGN, we do not obtain SFR(Hα) for AGNs and LINERs. Figure  11 shows a comparison between the SFR(IR) and SFR(Hα) values (a). Note that error bars of SFR(Hα) are dominated by the Hα and Hβ emission-line flux uncertainties. The SFR(IR) values are systematically larger than SFR(Hα) values, this difference is between factor of 2 and factor of 130 and the median difference is factor of 8. This indicates that even the highest possible dust extinction correction applied Hα luminosity underestimates SFR at least by factor of 2. Therefore, it is evident that Hα is not sufficient enough to trace SFR for ULIRGs and IR observations are crucial to infer SFR of these galaxies. This is consistent with the fact that hydrogen re- combination line SFR indicators are under luminous relative to the IR indicators in ULIRGs (e.g., Goldader et al. 1995; ). In Figure 11 panels (b) and (c) show that the difference between the SFR(IR) and SFR(Hα) does not depend on L IR or M star . In Figure 12 SFR(Hα) versus M star is shown. Although SFR(Hα) underestimates SFR, Figure 12 shows that ULIRGs still lie above the local 'main sequence'.
Stellar Mass and Gas Metallicity
Nuclear metallicities and stellar masses of normal star forming galaxies show a well established M star − Z correlation (Tremonti et al. 2004, hereafter T04) . In the following, we compare the stellar masses and oxygen abundances of ULIRGs with the mass-metallicity relation of local star-forming SDSS galaxies obtained by Tremonti et al. (2004) . Reliable metallicity constraints are difficult to obtain from broad-band SED fitting applied by Maraston et al. (2013) . Therefore, in order to measure metallicity we adopt the relevant emission-line fluxes from Thomas et al. (2013) . First, we apply the additional extinction correction based on Balmer decrement (see §3.4.1) to the adopted emission-line fluxes. Then we compute the line ratio Tremonti et al. (2004) . We list the derived oxygen abundances in Table 5 . Note that this conversion and the R 23 line ratio is only applicable to normal star forming galaxies, and they are not relevant for AGNs because the radiation from the AGN contributes to the line emission. Therefore we do not calculate metallicities for AGNs and to be conservative we also exclude LINERs from this investigation. After excluding AGNs and LINERs we are left with 48 ULIRGs and one HLIRG for which emission-line fluxes given by Thomas et al. (2013) .
The M star −Z distribution of our ULIRG sample is shown in Figure 13 (top). The error bars of the oxygen abundances represent the uncertainties associated with emission-line fluxes and additional extinction obtained from Balmer decrement. The black solid line is the M star − Z relationship, Eq. (3) given by Tremonti et al. (2004) . The vast majority of ULIRGs (46 out of 48) have lower metallicities compared to the normal star forming SDSS galaxies at similar masses. In the bottom panel of Figure 13 , the distribution of the residuals of the measured oxygen abundances to the expected oxygen abundances from T04 relationship is displayed. The distribution of the residuals are comparable to the over plotted Gaussian distribution with standard deviation σ=0.20 dex, therefore we consider the shift of ULIRGs from the T04 relationship as 0.20 dex. Normal star forming SDSS galaxies exhibit a scatter between 0.07 dex − 0.2 dex with a mean of 0.1 dex (Tremonti et al. 2004 ) around the stellar mass−metallicity relation. The scatter of normal star forming galaxies from this relationship is mostly attributed to the observational errors in the mass and metallicity measurements (Tremonti et al. 2004 ). The scatter of ULIRGs (0.20 dex) is equal to the upper limit of the scatter of normal star forming galaxies. The median error in metallicity measurements of ULIRGs is large ∼0.17 dex, while the median error in mass measurements is smaller ∼0.08 dex. If we consider the lower error bars, it is very likely that the metallicity distribution of ULIRGs may shift even lower values and this may result in a larger scatter with respect to T04 relationship. However, If we consider the upper error bars only 6 ULIRGs may move above T04 relationship and most of the ULIRGs would still lie below this relationship.
Previously, Rupke et al. (2008) have already shown that ULIRGs have under-abundant compared to the SFGs on the M star −Z relation. The position of our ULIRG sample with respect to the M star −Z relationship of normal SFGs is consistent with the results of (Rupke et al. 2008) . 11 of the 48 ULIRGs in our M star − Z subsample are also part of 100 (U)LIRGs of Tremonti et al. (2004) . Error bars of the oxygen abundances represent the uncertainties of emission-line fluxes (including the uncertainties associated additional extinction based on Balmer decrement) propagated through Eq. (1) and (2) of Tremonti et al. (2004) . Bottom: The distribution of the residuals between the measured oxygen abundances and the ones expected from T04 relation. The over plotted Gaussian function demonstrates that the residuals have a normal distribution with a few outliers. Rupke et al. (2008) . Since a small fraction (23%) of our sample overlaps with the sample of Rupke et al. (2008) our results are highly independent from theirs.
Color − Magnitude Distribution of ULIRGs
The color versus magnitude distribution, the so called 'Color-Magnitude Diagram' (CMD), of galaxies out to z ∼1 show two separate distributions (e.g Hogg et al. 2003; Blanton et al. 2003; Baldry et al. 2004 Baldry et al. , 2006 Cooper et al. 2006; Muzzin et al. 2012) : (1) 'red sequence' of early type galaxies, (2) 'blue cloud' of late type galaxies. The red sequence galaxies are bulge-dominated, more massive, nonstar-forming, passive galaxies (Blanton et al. 2003 (Blanton et al. , 2005 Hogg et al. 2003; Baldry et al. 2006; Driver et al. 2006, e.g.) . The blue cloud galaxies are disk-dominated, less massive, actively star forming galaxies (Kauffmann et al. 2003a; Brinchmann et al. 2004; Wyder et al. 2007, e.g.) . Observations show that while the number density of blue cloud galaxies has stayed almost constant, the red sequence galaxies has doubled from z ∼1 to z ∼0 (Bell et al. 2004; Faber et al. 2007 ). This suggest that star forming disk galaxies at z ∼1 evolve to local passive galaxies. Such an evolution involves different physical processes that change galaxy morphology and quench star formation. As galaxies go through a transition phase from blue cloud to red sequence they reside in the region in between, the so called 'green valley'.
The transition of a late-type galaxy to an early-type includes physical processes that are not fully understood yet. Mergers and AGN feedback are among the proposed star formation quenching mechanisms (e.g Barnes & Hernquist 1996; Hopkins et al. 2006 Hopkins et al. , 2008a . Since ULIRGs are both merging systems and mostly host an AGN they are good candidates for evolving galaxies from blue cloud to red sequence. In the following we explore the location of our ULIRG sample in the color-magnitude diagram of local SDSS galaxies.
For this investigation we have selected a local comparison sample from SDSS DR 10 database. We selected sources classified as galaxies that are brighter than r Petrosian <17.7 and have spectroscopic redshifts within 0.018< z <0.260 interval (z median = 0.1). We also select galaxies that have photometric measurements in u, g and r bands. Our selection criterion leads to 499953 galaxies. Throughout this analysis we use the Galactic extinction corrected 'modelMag' measurements from SDSS DR10 'PhotoObj' catalog. K−corrections are calculated using the kcorrect code v4.2 of Blanton & Roweis (2007) . For comparison reasons with previous studies, we derive K−corrections for a fixed bandpass shift by z=0.1. The absolute magnitudes and colors are denoted with M 0.1 r and u 0.1 −r 0.1 , respectively; these are tabulated in Table 5 . r , of the comparison and our ULIRG samples. The contours represent the number density of the comparison sample. The distribution of local SDSS galaxies shows two separate distributions: the red sequence and the blue cloud. We determine the color-magnitude relation of the red sequence and the blue cloud by following Baldry et al. (2004) . We divide the comparison sample into 16 M 0.1 r bins from -23.5 to -15.5; bin size is 0.5 mag. For each M 0.1 r bin we fit the color distribution with a double Gaussian and obtain mean and variance for the red and the blue distributions. We adopt the color function and the absolute magnitude functions given by Baldry et al. (2004) and obtain the color-magnitude relations as: 
The upper and lower dashed lines in Figure 14 represent the red and blue sequence color-magnitude relations, respectively. To derive the color-magnitude relation of the green valley we locate the minimum in the double Gaussian functions. We then fit a linear plus a tanh function, the same function used to fit red and blue sequence relations, to the minimums. The 
We choose the width of the green valley to be 0.1. The middle dashed line in Figure 14 represents Equation 3, the solid lines represent the 0.1 mag width. In Figure 14 the color-magnitude distribution of 82 ULIRGs and one HLIRG in our sample is shown on top of the contours of the comparison sample. From our ULIRG sample 10 are in the red sequence, 6 are in the green valley and 66 are in the blue cloud. The 81% of the ULIRGs are located in 'blue cloud', 12% are in 'red sequence' and only 7% are in 'green valley'. Two of the 6 (33%) ULIRGs are in the 'green valley' host an AGN. One of the 10 (10%) ULIRGs are in the 'red sequence' and 16% of the ULIRGs are in the 'blue cloud' host an AGN. The fraction of the AGN hosting ULIRGs is highest in the green valley. ) and show that ULIRGs are mostly in the 'blue cloud'. They also find that compared to SDSS galaxies local ULIRGs are 0.2 mag bluer in g − r. Compared to Chen et al. (2010) we study a larger ULIRG sample and find consistent results; we find very similar color−magnitude properties. The distribution of our ULIRG sample across the color−magnitude diagram is also similar to the distribution shown by Chen et al. (2010) . We find a smaller fraction for the ULIRGs that lie out of the 90% level contour. While they do not find any AGN hosting ULIRGs in the 'green valley' we find two ULIRGs. 22 of the 82 ULIRGs in our color-magnitude subsample are also part of 54 ULIRGs studied by Chen et al. (2010) . Since only a small fraction (27%) of our color-magnitude subsample overlaps with the sample of Chen et al. (2010) our results are independent from theirs.
We note that the colors of the AGN hosting ULIRGs have a contribution from the central AGN. In principle, AGN contamination makes the ULIRG colors bluer and this may result in shifting them from the green valley to the blue cloud. However, Chen et al. (2010) show that on average removing the AGN contamination change the color only by a small amount (0.005−0.007 mag). For their sample only one source moved closer to the green valley and 11 out of 12 remained close to their original positions. Chen et al. (2010) show that the lack of AGN in the green valley is not due to AGN contamination. 3 of 15 AGN ULIRGs in our sample are part of the 12 AGN ULIRGs studied by Chen et al. (2010) and therefore we assume their results to be valid for our sample Since it is beyond the scope of this work we do not attempt to remove the AGN contribution for the AGN hosting ULIRGs.
4. DISCUSSION 4.1. Infrared Luminosities The IR luminosities computed in this work highly depends on the selected SED library of Dale & Helou (2002) . Goto et al. (2011b) compare the IR luminosities computed from the SED models of Chary & Elbaz (2001) , Dale & Helou (2002) , Lagache et al. (2003) and quote the median offsets between the models as 13% − 24%. The listed IR luminosities in this work might have similar offsets between these models.
On the other hand, the SED models of Dale & Helou (2002) represents especially the IR SEDs of normal star forming galaxies and they are not specifically developed for ULIRGs. For example, Rieke et al. (2009) compare the observed SEDs of five local purely star forming ULIRGs with a Dale & Helou (2002) template with α = 1.5 and point out that at high IR luminosities the FIR bump of their SEDs are more peaked. If the intrinsic SEDs of local ULIRGs are more peaked compared to Dale & Helou (2002) SED models, then IR luminosities computed in this work might be overestimated. However, the comparison of Rieke et al. (2009) is based on a very small sample and a full comparison between possible ULIRG SEDs is beyond the scope of this work. But, Rieke et al. (2009) and our sample have one common source, IRAS 12112+0305, for which we compare the IR luminosities based on the Dale & Helou (2002) model SED and the observed SED used by Rieke et al. (2009) . We find that IR luminosity computed from Dale & Helou (2002) model SED is only ∼5% higher than IR luminosity based on the SED template of Rieke et al. (2009) . This shows that while Rieke et al.
(2009) state that their SEDs are more peaked compared to Dale & Helou (2002) template the difference between the IR luminosities is small. These considerations suggest that the IR luminosities presented in this work do not have a significant systematic offset. Even though Dale & Helou (2002) models are not special for ULIRGs, the high number of already known ULIRGs in our sample that are identified based on these SED templates indicate that the IR luminosity measurements based on the SED templates of Dale & Helou (2002) are reliable to identify ULIRGs.
FIR Colors
In panel (d) of Figure 4 four sources, J1639245+303719, J0159503+002340, J1356100+290538 and J1706529+382010, exhibit extreme log(F(140µm)/F(160µm))> 0.9 colors compared to the models. For these cases we check the reliability of the flux measurements from the AKARI catalogs. In all of these cases while the 90µm flux is highly reliable, the 65µm, 140µm and 160µm flux measurements are low quality and the uncertainty of the 160µm flux is not given. In such cases we assumed the uncertainty as the 25% of the given flux measurement, but it seems these uncertainties could be even larger. Since the 90µm flux measurements are secure we still consider the measured IR luminosities as reliable. The SEDs of three cases, J1639245+303719, J1356100+290538 and J1706529+382010, show that their flux densities at 140µm is ∼0.8 dex larger than that of the models. The SED of J0159503+002340 also exhibits a large difference (> 1 dex) between the observed and model flux at 160µm. We also check five more sources with log(F(140µm)/F(160µm))> 0.5; J1603043+094717, J0030089-002743, J1102140+380240, J1346511+074720 and J2307212-343838. The SEDs of J0030089-002743, J1102140+380240, J1346511+074720 and J2307212-343838 show that their flux densities at 140µm is 0.5-0.8 dex larger than that of the models. The SED of JJ1603043+094717 also exhibits a 0.6 dex difference between the observed and model flux at 160µm. These large differences between the observed colors and that are expected from the SED models can be attributed to the low quality 140µm and 160µm flux measurements.
As mentioned in §3.1.3 the SED models covers only the log(F(140µm)/F(160µm)) color range between -0.5425−0.2135 and therefore, in panel (c) the three sources, J1202527+195458, J1559301+380843, and J1502320+142132 appear as outliers with log(F(140µm)/F(160µm))< -0.58.
The SEDs of these sources show that their 65µm fluxes ∼0.5 dex lower than that of the models. Although the quality of 65µm flux measurements are low for these sources, however it is more likely that the limited parameter range of the models is the main reason for their large deviation from the models. If the intrinsic SEDs of ULIRGs are more peaked compared to the templates of Dale & Helou (2002) as shown by Rieke et al. (2009) , then we might expect to have a wider distribution for the FIR colors and this might explain the large scatter seen panels (c) and (d).
Interaction Classes
In §3.2 the interaction classes of 64 sources are adopted from literature Hwang et al. 2007 ) and 55 sources classified in this work based on visual inspection. Although visual classification is a subjective method, we prefer it due to its practical application. Two classifiers independently classified each source and for most of the cases there was good agreement. There was a disagreement between the classifiers only for a few cases that are single nucleus systems at higher redshifts. In such systems the identification of the disturbed morphologies or weak interaction signs is difficult. However, the number of such systems are only five and most of them are not included in our statistics due to the applied redshift limit. Even if they were included in our statistics, they would be classified as NI instead of V and this would only decrease the number of sources classified as old mergers. Such a change would not change the high percentage of IV and V systems in the overall population.
Wide binary (IIIa) systems have the largest uncertainties because, most of the companion galaxies do not have spectroscopic redshifts. However, usually wide binary galaxies have similar colors and they show interaction signs. Therefore the chance coincidences are low and the assumed physical connection is highly likely. Even if most of the IIIa systems were instead IV, the dominancy of the mergers still holds. So the overall conclusion of morphology investigation in §3.2, that is the vast majority of ULIRGs in the local universe are single nucleus ongoing/old mergers, is not affected by the disagreements of the classifiers or unconfirmed redshifts of the companion galaxies in wide binaries.
AGN Fraction of OUR ULIRG Sample
In §3.3 we investigate the optical spectral types of the ULIRGs in our sample. The classification of Star Forming galaxies, composites, LINERs and Seyferts are based on empirical emission line diagnostics. ULIRGs are dust-rich systems and dust extinction at optical wavelengths is high. Therefore, the dusty nature of ULIRGs brings a large uncertainty to their optical emission line diagnostics. Nardini et al. (2010) use the rest-frame 5-8µm spectra to disentangle the contribution of star formation and AGN in ULIRGs. As shown by Nardini et al. (2010) optical diagnostics do not provide reliable information on the presence of AGN. They trace obscured AGN in some LINERs and even some star forming galaxies. Therefore, as stated earlier our spectral classification provides only a lower limit on the AGN fraction. This brings a large uncertainty to the AGN fraction per L IR bin presented in Figure 9 . It is very highly likely that most of the composites and LINERs may have AGN component. If all of the LINERs and composites had AGN contribution then the correlation between the AGN fraction and L IR would be still valid.
Assuming all of the LINERs and composites as AGNs may be an unrealistic overestimation because we would expect at least some fraction of the low luminosity ULIRGs to be star formation dominated. To investigate the hidden AGNs among such sources in our sample we look at the result of the mid-IR diagnostic applied by Nardini et al. (2010) . In total we have 31 overlapping sources with their sample. Our main interest is the AGN component of the star forming galaxies, composites and LINERs in our sample. For those sources we adopt the AGN bolometric contribution parameter given by Nardini et al. (2010) (α bol parameter in their Table 1 ). Only one star forming galaxy (J0900252+390400) in our sample seem to have a significant AGN contribution based. If we consider this source as an AGN instead of a star forming galaxy, this would not affect the correlation of AGNs and the anticorrelation of star forming galaxies with IR luminosity. Also it would have a negligible affect on the fraction of AGNs; fraction of AGNs would increase to 26% and the fraction star forming galaxies would decrease to 19%.
The offset of ULIRGs from the Main Sequence of Star
Forming Galaxies Star formation rate and M star tightly correlates from z ∼0 to z ∼2; the slope is between ∼0.6 and ∼1.0 (mostly depends on the galaxy sample) but the normalization decreases with redshift. This indicates that the overall SFR increases from z ∼0 to z ∼2 and SFGs were forming stars more actively in the past compared to lower redshift galaxies at the same masses. Observations indicate that high redshift SFGs contain larger molecular gas reservoir (e.g Daddi et al. 2010; Tacconi et al. 2010) , and therefore the star formation rate per stellar mass is higher at z ∼2; in time this reservoir is used up and result in lower SFRs at z ∼0. Figure 10 clearly demonstrates that local ULIRGs are outliers with respect to the 'main sequence' of the normal star-forming galaxies up to z ∼2. Local ULIRGs are already known to be outliers compared to the local 'main sequence' (Elbaz et al. 2007 ). This is not surprising because, in the first place, ULIRGs are defined by their enormous IR luminosities powered by intense starformation and in order to be defined as ULIRGs they should have 172 ≤ S FR(IR) ≤ 1721. So their position on the y-axis is a pure selection effect and we expect them to have higher SFRs compared to normal star forming galaxies. We note that Figure 10 includes type 2 AGNs, LINERs and composites. As mentioned earlier, even the AGN has a contribution to L IR , the measured IR luminosities are mainly dominated by the FIR emission. As mentioned in §3.4.1 the average AGN contamination is ∼40.0% (Veilleux et al. 2009 ). But the offset of the local ULIRGs from the 'main sequence' relations from z ∼0-2 is relatively large and it can not be attributed to the AGN contribution in the SFR(IR) estimates alone.
Normal starburst galaxies are also outliers off the 'main sequence' at z ∼0.7 (Guo et al. 2013 ) and at z ∼2 (Rodighiero et al. 2011) . Guo et al. (2013) show their best fit 'main sequence' and the'main sequence' relationships given by Elbaz et al. (2007) and Daddi et al. (2007) in their Fig. 7 where they report starburst galaxies as outliers. Since the local ULIRG sample lie above these 'main sequence' relationships and their galaxy sample, it can be concluded that compared to normal starburst galaxies at z ∼0.7 local ULIRGs exhibit higher SFRs. Rodighiero et al. (2011) define off-sequence galaxies (see their Fig. 1) as the ones lying factor of 10 above the z ∼2 SFR− M star relation of Daddi et al. (2007) . Compared to these extreme outliers at z ∼2, as seen in Figure 10 , 90% of the local ULIRGs have lower SFRs and only 10% have comparable SFRs. SMGs, often referred as high redshift analogues of local ULIRGS, are also known to be outliers compared to z ∼2 SFR− M star relation (Tacconi et al. 2008; Daddi et al. 2007 Daddi et al. , 2009 Takagi et al. 2008 ). Compared to massive SFGs at the same masses, SFRs of SMGs are 10 times higher (Daddi et al. 2007 ). As noted by Daddi et al. (2007) SMGs at z ∼2 and local ULIRGs have similar properties; both are rare sources and outliers in SFR− M star relations. However compared to the location of SMGs shown by Daddi et al. (2007) (their Figure 17b) local ULIRGs occupy a wider M star range and they are closer to the z ∼2 SFR− M star relation.
As expected galaxies with similar IR luminosities should have similar SFRs and positions in the SFR−M star diagram. In particular we call attention to the role of the stellar mass as the distinguishing parameter. At this point it is important to consider the uncertainties of the stellar masses to interpret Figure 10 . ULIRGs in our sample have moderate stellar masses within 9.42< log(M star (M ⊙ )) <11.61 range where the median is 10.41. We compare the adopted stellar masses from Maraston et al. (2013) with the M star estimates given by previous ULIRG studies. Rodríguez Zaurín et al. (2010) provide M star estimates for 36 local ULIRGs derived by performing spectral synthesis modeling to high quality optical spectra. We have two overlapping sources with their sample: J0900252+390400, J1052232+440849 and they report 1.0 dex and 0.5 dex higher stellar masses, respectively. However, we note that J0900252+390400 is the lowest mass ULIRG in our sample, and as mentioned in §4.4 it has an AGN. Therefore we consider the difference of 1 dex in M star for this particular object as an exceptional case. da Cunha et al. (2010) also provide M star estimates for a sample of 16 purely star forming ULIRGs based on full SED modeling including UV to FIR wavelengths. We have one common source with this sample (J1213460+024844); and for this source the M star estimates agree well, their estimate is just 0.06 dex higher than the adopted value from Maraston et al. (2013) . As shown by Rodríguez Zaurín et al. (2010) ULIRGs contain different stellar populations (very young, young, intermediate-young and old stellar populations) at the same time and their optical light is mainly dominated by the less massive young stellar populations. Therefore, we expect the stellar mass estimates of ULIRGs to be highly dependent on the followed approach (SED or spectral fitting) together with the used data and the assumed star formation histories (SFHs). Especially M star estimates of ULIRGs like complex galaxies from SED fitting can be very sensitive to assumed SFHs. As shown by Michałowski et al. (2012) using multicomponent SFHs that fit young and old populations result in systematically higher stellar masses compared to exponentially declining SFH. Therefore, it is very likely that the adopted M star values in this work are underestimated. Obtaining the most robust stellar mass estimates of ULIRGs is beyond the scope of this paper. But, with the available data we are able to assign an uncertainty limit. Considering the M star differences of two (since it is an exception case we exclude J0900252+390400) ULIRGs with respect to the values reported by Rodríguez Zaurín et al.
(2010) and da Cunha et al. (2010) all of the adopted M star in this work values might be underestimated by 0.06 dex−0.5 dex. A natural consequent question is the affect of this underestimate in Figure 10 . To be conservative we may assume that M star are underestimated by 0.5 dex. As shown in Figure  15 , if we shift stellar masses by 0.5 dex ULIRGs are still exhibit a large offset from the z ∼0 and z ∼1 'main sequence', but they are consistent with the z ∼2 'main sequence'. This shows that even the stellar masses adopted in Figure 10 are underestimated, this does not change the main conclusion that ULIRGs are outliers compared to the z ∼0 and z ∼1 'main sequence'. However, it indicates that their offset from the z ∼2 'main sequence' is very likely due to their underestimated stellar masses. Of course Figure 15 is a simple illustration and might not reflect the M star distribution of ULIRGs at all, thus we caution against its interpretation.
Comparison of SFRs With Observations and
Simulations of Mergers ULIRGs are interacting systems and they are mostly ongoing/late mergers and their extreme SFRs are generally attributed to merger events. Observations support this link, SFRs of local ULIRGs are consistent with the observed enhanced SFR of mergers (e.g. Ellison et al. 2008 Ellison et al. , 2013 . Moreover, the role of merger processes on triggering SFR is a general prediction of merger models showing that major mergers cause nuclear gas inflows (Barnes & Hernquist 1991 , 1996 and these inflows generate intense SFR that peaks around when merging galaxies coalescence (e.g Di Matteo et al. , 2007 Springel et al. 2005; Montuori et al. 2010; Torrey et al. 2012) . Merger models show that star formation activity increases after the first peri-center passage and reaches its maximum level when two galaxies coalescence. In this picture we expect to observe lower SFRs in the pre-merger (widely or closely separated binaries) ULIRGS compared to the ULIRGs in the coalescence phase. In order to check if the observed SFRs of our ULIRG sample is consistent with this prediction, in the top panel of Figure 16 SFR(IR) distribution of ULIRGs is shown as a function of interaction class (defined in §3.2). We find that ULIRGs do not show a systematic difference in SFR(IR) for different interaction stages. We do not find coalescence stage as the peak of the SFR as suggested by general merger simulations (e.g Torrey et al. 2012 ). Since SFR is correlated with stellar mass, in the bottom panel of Figure 16 we show specific star formation rate, sSFR (SFR(IR)/M star ), as a function of interaction class. This panel shows a similar distribution as the top one, sSFR does not depend on the interaction stage. Of course this does not mean that ULIRGs are completely inconsistent with the merger models, because we are not tracing single merger events in time as simulations do. Instead we are looking at different snapshots of merger events for different sources. Therefore, Figure 16 is rather consistent with the observations Rodríguez Zaurín et al. (2010) showing that ULIRGs have complex multi-stellar populations. Probably, in some ULIRGs the SF activity triggered at pre-coalescence epochs are comparable with that of the others coalescence phase, thus we see a similar distribution for different interaction phases.
Merger simulations also predict that nuclear gas inflows in the periods prior to increasing SFR epochs cause nuclear metallicity dilution, but following that high SFRs cause metallicity enhancement (e.g Torrey et al. 2012) . So, the overall metallicity change has a rather complex fluctuating nature as the merger progress. In Figure 17 we show the oxygen abun- dance distribution of ULIRGs as a function of merger stage. Again the three distributions (pre-merger, mergers and postmergers) overlap and do not show a significant difference. As discussed above, we do not probe the evolution of oxygen abundances for individual ULIRGs as simulations do, thus based on Figure 17 we can not conclude any inconsistency with their predictions. However, when we compare oxygen abundances of ULIRGs with that of normal SFGs we find that they systematically have lower oxygen abundances and this is consistent with the predictions of the numerical simulations (e.g Torrey et al. 2012) . Similarly, interacting galaxies such as close pairs (e.g Kewley et al. 2006; Ellison et al. 2008) do not lie on the M star −Z relation. These interacting, merging galaxies exhibit a lower metallicity compared to the non-interacting normal SFGs. Figure 13 shows that ULIRGs have lower metallicities with respect to the M star − Z relation. The possible systematic uncertainties discussed in §4.5 are relevant to Figure 13 , too. However, since M star − Z relation is rather flat with increasing stellar mass, a shift of 0.5 dex in M star does not change the observed scatter of ULIRGs. Figure 10 indicates that local ULIRGs have comparable SFRs with z ∼2.0 galaxies and it is known that z ∼2.2 galaxies have lower metallicities compared to local galaxies with the same masses (Erb et al. 2006; Tadaki et al. 2013) . A similar result also found for even higher redshift galaxies z=3-4 (Maiolino et al. 2008; Mannucci et al. 2009 ).
ULIRGs in the Fundamental Metallicity−Mass−SFR Plane
Star forming galaxies up to z ∼2.5 follow the fundamental metallicity relation (FMR), a tight relation between M star , gas metallicity and SFR (Mannucci et al. 2010 ). This relation indicates that metallicity decreases with increasing SFR for low M star , but for high M star it does not change with SFR. So, according to FMR at a fixed mass we expect to have lower metallicities with increasing SFR. In order to understand if the lower metallicities of ULIRGs are due to higher SFRs we need to check if they are on the FMR plane. We base this investigation on the FMR defined by Mannucci et al. (2010) for local SDSS galaxies. Following (Mannucci et al. 2010) we divide 47 (H)/ULIRGs into eleven mass bins of 0.15 dex from log(M star (M ⊙ ))=9.70 to 10.90. We only consider the bins containing at least 1 galaxy, this selection results in 9 mass bins. To be consistent with Mannucci et al. (2010) we use SFR(Hα) estimates obtained in §3.4.1. Since ULIRGs typically have larger SFRs, we extrapolate Eq. (2) of Mannucci et al. (2010) up to logSFR(Hα)=2.4. Left panel in Figure 18 shows the local FMR (Eq. 2 of Mannucci et al. 2010 ) for these mass bins (color coded), open circles show the distribution of ULIRGs in each mass bin (color coded with respect to mass). Right panel in Figure 18 shows the residuals between the measured metallicities of ULIRGs and FMR. These are the median values in each bin, but the first and the last bin represent residuals of single measurements. Without considering the uncertainties, the residuals of ULIRGs from FMR are between 0.09 dex − 0.26 dex. This is of course larger than the dispersions of the local SDSS galaxies that is ∼0.05 dex, but it indicates that local ULIRGs are consistent with FMR. We also note that, the residuals of local ULIRGs are comparable with that of high redshift z ∼2 galaxies (Mannucci et al. 2010 ). If we consider the uncertainties, the largest residual is ∼0.5 dex, this might indicate an inconsistency with FMR. We used the same recipe to infer oxygen abundances and SFRs therefore, the off-set of 0.5 dex can not be due to metallicity or SFR measurements themselves. However, the largest contribution to the metallicity uncertainties directly comes from the emission-line flux uncertainties and this point can only be addressed with higher quality data. So the large uncertainties showing ∼0.5 dex residuals do not necessarily mean a real off-set from FMR. But, also note that ULIRGs are interacting rare local galaxies with very high SFR, and they are expected to show a large scatter around FMR (Mannucci et al. 2010 ).
ULIRGs in Color − Magnitude Diagram
In §3.4.3 we found that local ULIRGs are optically bright and blue galaxies. As noted before this is consistent with their starburst nature. On the other hand, ULIRGs are dusty galaxies and one might expect them to have redder colors due to dust extinction. However, as suggested by Chen et al. (2010) dust distribution in ULIRGs might not be uniform and therefore, their stellar light is not completely obscured.
The low fraction of ULIRGs in the 'green valley', as suggested by Chen et al. (2010) , indicates that ULIRGs are rapidly star forming galaxies and they are not evolved into a transition phase yet. The evolution tracks of ULIRGs in the color−magnitude diagram is beyond the scope of this paper, therefore for a discussion on this topic we refer Chen et al. (2010) .
CONCLUSIONS
We identified ULIRGs in the AKARI all-sky survey by crossmatching AKARI catalogs with SDSS DR 10 and 2dF-GRS. With the advantage of AKARI and available SDSS data, we are able to investigate morphologies, stellar masses, SFRs, gas metallicities and optical colors of a large sample of local ULIRGs. We have examined the SFR − M star , M star − Z, SFR −M star − Z and color−magnitude relations of our local ULIRG sample. The following summarizes the main conclusions from this work:
• A sample of 118 ULIRGs and one HLIRG with F(90µm) ≥ 0.22Jy have been identified in the AKARI all-sky survey. 40 of the ULIRGs and one HLIRG are newly identified in the AKARI all-sky survey based on the spectroscopic redshifts from SDSS DR10 and 2dFGRS. The redshift range of our ULIRG sample is 0.050< z <0.487 and the median redshift is 0.181.
• In the redshift (z <0.27) limited sample of 100 ULIRGs all show interaction features either between two galaxies or in a single system. Only 5% are interacting triplets. 43% of the ULIRGs are two galaxy systems with strong tidal tails, bridges. 52% of the ULIRGs are ongoing/post mergers showing strong tidal tails or disturbed morphology. Our results support the known picture of ULIRGs as mergers.
• Based on the adopted optical emission line diagnostics, we confirm the known trend of increasing AGN faction with higher IR luminosity.
• Compared to SFR(IR), SFR(Hα) strongly underestimates SFR of local ULIRGs, by a factor of ∼8. This implies that IR observations provide the best estimate of SFR for highly star forming dusty galaxies. • ULIRGs have significantly higher star formation rates compared to the 'main sequence' of normal SFGs up to z ∼2. Local ULIRGs have 92, 17 and 5 times higher SFRs compared to 'main sequence' galaxies with similar mass at z ∼0, z ∼1 and z ∼2, respectively. Most of the local ULIRGs have lower SFRs compared to the off-main sequence galaxies at z ∼2.
• We find that ULIRGs have lower gas metallicities compared to the M star − Z relation of normal star forming galaxies; hence we confirm previous studies. We also find that local ULIRGs follow the FMR with high dispersions between 0.09 dex−0.5 dex, that is similar to that of high redshift (z ∼2-3) galaxies.
• Compared to previous studies we investigate color properties of a larger ULIRG sample and find that 81% of the ULIRGs are in 'blue cloud', 12% are in 'red sequence' and 7% are in 'green valley'. The vast majority of local ULIRGs in our sample are blue galaxies.
We provide the largest local ULIRG comparison sample to further study the M star , SFRs, gas metallicities and optical colors of high redshift ULIRGs. Table 2 . e See §3.2 for the details of the interaction classes. The IC listed in this Table are mostly adopted from the references given in column (13). 
